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Wildlife Biology

A Comparison of Bird Communities Between an Untreated
Control and Two Timber Harvest Treatments in Western Montana
Director: Dr. Richard L. Hutto
Little information is available to managers on the
postharvest vertebrate communities following "New Forestry"
timber harvest. A long term study was initiated to examine
these communities. Birds were counted using point counts
during the breeding seasons prior to and immediately
following New Forestry and traditional overstory removal
harvest. New Forestry sites were intermediate between
untreated controls and overstory removal sites for most
vegetation variables as well as numbers of most bird species
detected.
Fifty-seven species of birds were detected over two years
of counting. Twenty-two of these species were common enough
to perform statistical analysis and only four showed a
significant interaction between treatment and year. Of
these four. Ruby-crowned Kinglet and Swainson's Thrush both
decreased similar amounts in both treatments. Numbers of
MacGillivray*s Warblers stayed the same on control sites and
New Forestry sites but decreased significantly on overstory
removal sites. American Robins showed a relative increase
in both types of treatments following harvest. Two foraging
guilds showed significant changes in abundance following
harvest. Foliage foragers declined similarly in both types
of treatments and ground foragers increased in both
treatments but more so in New Forestry sites. Of the two
nesting guilds for which a significant interaction was
observed, conifer nesters declined substantially in both
treatments and ground nesters increased in both treatments.
Many other species may be significantly affected by
harvest, but the close proximity in time of the postharvest
counts and the harvesting activity itself may have
influenced the level of significance. For species that did
differ in abundance New Forestry was generally intermediate
between overstory removal and controls. Continued study of
these and other sites is needed to determine biologically
significant influences on long term communities and
processes.
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INTRODUCTION

with changing public attitudes toward wildlife and
biodiveristy (Kellert 1983, Bates 1992) the relationship
between biodiveristy and timber harvest practices in western
North America have become not only biological issues (Hansen
et al. 1991) but political and social ones as well (Brooks
and Grant 1992).

Managers of federal forest lands are

required by federal laws to maintain vertebrate populations
(National Forest Management Act, 1976, 36 CFR 219.19), but
little information is available on how this can be
accomplished while still allowing for continued use and
development of natural resources.

Private landholders also

face the possibility of increased regulation or restriction
of timber harvest in order to protect diversity and
ecosystems (Gillis 1990).
Declines in the diversity of wildlife in managed
forests as a result of current timber harvest practices, and
the potential for acceleration for such change, have
fostered considerable social and political pressure to
develop alternatives to traditional harvest methods.

These

methods should be more representative of the natural
landscape and should cause less change in the biodiversity
of an area (Gillis 1990, Kessler et al. 1992).

This has led
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to the development of harvest methods that will more closely
resemble natural patterns in the forest —

methods that have

come to be labeled "New Forestry” (Swanson and Franklin
1992) • This new perspective in forest management calls for
leaving more trees following harvest (especially dominant
and codominant species and individuals) in a variety of age
classes and for retention of standing and down dead material
in an attempt to more closely mimic natural disturbance
regimes and conditions (Gillis 1990, Brooks and Grant 1992).
Included in the broad issue of conservation of
biodiversity has been a particular concern in recent years
over an apparent decline in populations of passerine birds
in managed forests of North and South America (Ambuel and
Temple 1983).

Deforestation and fragmentation of Latin

American wintering grounds has been suggested as the main
cause for the reported declines of neotropical migrant
passerines (Rappole et al. 1983, Morton and Greenberg 1989).
However, deforestation and fragmentation within the North
American breeding grounds has been suggested as an equally
important principal reason for the decline of migrants as
well nonmigrants ( Askins et al. 1987, Hutto 1989, BohningGaese et al. 1993).
Bird communities change markedly immediately following
traditional clearcut logging (Franzreb and Ohmart 1978,
Austin and Perry 1979, Scott and Gottfried 1983, Szaro and
Baida 1985, Wetmore et al. 1985).

Hejl et al. (1994)
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synthesized 18 studies from the Rocky Mountain region,
concluding that 20 species of birds were usually less common
in recent (< 10 years old) clearcuts and that 13 species
were always less abundant.

Conversely, nine species were

usually more abundant in recent clearcuts and one, the
Mountain Bluebird fSialia currucoidesi, was always more
abundant.
Retention of some structural elements may reduce the
effects of logging on some avian guilds and species (Dickson
et.al. 1983, Medin 1985, Zarnowitz and Manuwal 1985,
Tobalske et. al. 1991).

For example, in the Rocky Mountains

Hejl et. al. (1994) found 29 species to be less abundant in
partial cuts (which included shelterwood, seed tree,
overstory removal, and commercial thinning) versus 33 in
clearcuts.
Retention of some dominant and codominant trees can
reduce the declines of some bird species in Ponderosa Pine
(Pinus ponderosa) (Szaro and Baida 1979) and mixed-conifer
forests (Medin and Booth 1989).

Thus, New Forestry

practices should also retain more of the preharvest bird
species that occupy a stand.

Conseguently New Forestry

practices are being suggested as the preferred method of
timber harvest in many areas of the western United States
(Gillis 1990).
Documenting the effects of traditional and New Forestry
harvest methods in a variety of forest types is desirable in
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order to develop the most effective techniques of forest
management.

Unfortunately, few attempts have been made thus

far to study the effects on ecosystems, on groups of
species, or on individual species at either the regional or
local level (Brooks and Grant 1992).

Foresters need data

that can be used to evaluate New Forestry techniques and to
further develop guidelines for their implementation.

In

western Montana we now have an opportunity to collect this
type of information because both the U.S. Forest Service and
the Plum Creek Timber Co. are harvesting timber using
variations of New Forestry methods.
The objective of this study was to determine whether
the abundance and diversity of birds differ among uncut
areas and stands subjected to two methods of timber
harvest —

New Forestry and traditional overstory removal.

The study provided information on baseline (preharvest) and
immediate postharvest conditions as the initial phase of a
long term study of vertebrate communities responding to
timber harvest in these stands.
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STUDY AREA

The study was conducted on corporate timber land owned
by the Plum Creek Timber Co, and public lands administered
by the U.S. Forest Service and the Montana Department of
State Lands.

The study area was located in the Swan Valley

about 100 km northeast of Missoula, Montana (Fig. 1).

The

study included four timber sales, each of which was divided
into a control and two treatment groups: (1) an overstory
removal unit and (2) a New Forestry unit harvested according
to Plum Creek's new standards of "Environmental Forestry".
Treated areas were located on Plum Creek land and uncut
control areas were located on adjoining lands of either the
Flathead National Forest or the Swan River State Forest
(Fig. 2).
The first three timber sales were located on the floor
of the Swan Valley between 940 and 1275 m elevation.

They

were located within Douglas-fir (Pseudotsuaa menzeisii) and
Western Larch (Larix occidentalisé codominated stands and
classified as Douglas-fir forest by Peet (1988).

Other

canopy species in decreasing order of occurrence were
Lodgepole Pine (Pinus contortaé, Englemann Spruce (Picea
enaelmaniié, and Ponderosa Pine.

Other species that were

present but comprised less than 5 percent of the canopy were
Subalpine Fir (Abies lasiocarpaé, Grand Fir (Abies grandis),
Western White Pine (Pinus monticola), Paper Birch (Betula
papvrifera), Quaking Aspen (Populus tremuloides), and Black

Gravel Pit

Buck Snort

Gordon Ranch

Red Lock

/■
*ï

Scale 1:400,000

Figure 1. Location of study areas within the Swan Valley of
western Montana.

NF

OR
NF OR

OR

BUCK SNORT

GRAVEL PIT

Scale 1:24,000

OR

NF OR
OR

GORDON RANCH

OR

NF

OR

RED LOCK
Figure 2. Arrangement of treatments within study areas.
control, NF= New Forestry, OR = overstory removal.

C
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Cottonwood fPopulus trichocaroa). Dominant shrubs included
Serviceberry (Amelanchier ajjiifolia), Common Juniper
(Junioerus communis), and Black Alder (Alnus incana). These
three sites had been previously logged and consisted of
mature second growth with remnant old growth trees.

They

were in the understory reinitiation stage of stand
development as defined by Oliver and Larson (1990).

Each of

the three sites also had interspersed permanent and
temporary glacial wetlands.
The Redlock sale area was a linear strip approximately
350 meters wide, running east-west uphill on the east slope
of the Mission Mountains bordering the Mission Mountain
Wilderness of the Flathead National Forest.
ranged from 1450 to 1775 meters.

Elevation

This sale area was a

transition between Douglas-fir and subalpine forests (Peet
1988).

This site was located within a Douglas-fir and

Subalpine Fir codominated stand.

Other canopy species were

Lodgepole Pine, Western Larch, Englemann Spruce, Grand Fir,
Western White Pine, Western Red Cedar fThuia olicata),
Ponderosa Pine, Quaking Aspen.

Dominant shrubs included

Serviceberry, Common Juniper, Pacific Yew (Taxus
brevifolia), Black Alder, and Mountain Maple fAcer alabrum),
This stand showed no evidence of having been previously
harvested.
Plum Creek's overstory removal treatments included the
removal of conifers greater than a predetermined dbh, which
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varied with species and site, and retention of snags,
broadleaf trees, down woody material.

Small tree tops and

limbs were scattered on the sites and larger slash was piled
at landings and burned in the spring of 1994.
were not broadcast burned.

The sites

Plum Creek's "Environmental

Forestry" treatments were the same as the overstory removal
except that dominant and codominant conifers > 4 6 cm dbh
were retained at a rate of 5-10 trees per hectare.
The four timber sales were treated as follows; (1) the
Buck Snort sale was harvested with "Environmental Forestry"
on 5.7 ha and overstory removal on 36.7 ha; (2) the Gravel
Pit sale was harvested using "Environmental Forestry on two
cutting units (about 11 ha each) and overstory removal on
two cutting units (17.0 ha and 22.6 ha).

For these two

sales, overstory removal was defined as removal of Subalpine
Fir, Grand Fir, and Lodgepole Pine over 18 cm dbh and all
other conifer trees over 25 cm dbh.

(3) The Gordon Ranch

timber sale was harvested using "Environmental Forestry" on
11.0 ha and overstory removal of all conifers over 18 cm dbh
on 27.5 ha.

(4) the Redlock sale, unlike the other sales

which had a single stand for each treatment,

had a single

large "Environmental Forestry" component in the middle and
smaller overstory removal of all conifers over 18 cm in two
areas on both the upslope and downslope sides of the New
Forestry section (Fig- 2).

The control was also divided

into two components that were located up- and downslope from
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the treatments.

The upper (west) control was located in the

Mission Mountain Wilderness of the Flathead National Forest.
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METHODS

Vegetation Measurements
In the seasons preceding and immediately following
timber harvest, 1 measured vegetation components in the area
immediately surrounding each of the count points used in
bird surveys.

At each point a circular plot sampling method

(James and Shugart 1970) was used to sample the vegetation.
The sample plot size was 11.3 m in diameter and the plots
were centered around the count points.

The variables

measured were: (1) number of trees in small (< 10 cm dbh),
medium (10-40 cm), and large (> 40 cm) size classes; (2)
canopy height, which was measured with a clinometer; (3)
percent canopy closure, which was estimated with an ocular
tube (James and Shugart 1970); and (4) visually estimated
percent occurrence for each overstory tree species.

The

above measurements, including the plot radius, were visually
estimated the first year and (except for number 4) were
actual counts in following years.

Understory measurements

were visually estimated on the sample plots and consisted of
percent cover and species composition of high shrub layer
(woody perennials from one to two meters in height), and
percent cover of low shrub layer (woody perennials less than
one meter in height). Ground cover was estimated as percent
cover of grasses, forbs, and bare ground.

The presence and

type (road, riparian, marsh, clearcut) of edge within a 100meter radius was also recorded.

The presence of snags.
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downed wood, and rock outcrop at each point was given an
estimated abundance rating of 0 (none), 1 (few), or 2
(abundant). The data form used for collecting vegetation
data is included as appendix A.
Bird Censuses
Birds were surveyed in each of the treatments using 10minute point counts (Hutto et. al 1986) conducted between
0620 and 1030 hours (For a data form see appendix B).
Preharvest surveys were conducted at all the sites during
June and July of 1992 before the study sites were treated.
The results of these surveys were then used for control
purposes.

The treatment sites were harvested during the

following winter and spring (December 1992 to August 1993).
Postharvest surveys were conducted in June and July 1993
using the same points that were used in pre-harvest surveys.
Each of 9 (3 per treatment) points was positioned along a
transect through each site and was at least 200 m from all
other points.

Most treatment plots were less than 400 m

wide so randomized placement of transects was not practical.
Therefore, transects were located as close to the center of
the stands as possible in an attempt to minimize any edge
effect.
recorded.

At each point all birds detected within 100 m were
Flying birds were excluded from the counts unless

their flight originated or terminated within the count
radius (indicating use of the particular stand rather than
just the air space above).

For each bird detected, distance
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and bearing from the center of the point were estimated.
Whenever possible all three treatments at a single site were
surveyed on the same morning.

When a survey was interrupted

due to rain, wind, or logging activity it was completed on
the next available morning.

Four of the five sites were

surveyed five times each year.

The fifth site (Redlock

timber sale) was not revisited during the second year
because logging activity continued until August 1993, well
past the normal breeding season for many songbirds.
Statistical Analvsis
Analysis of variance was used to examine differences in
vegetation characteristics among treatments for each year.
Alpha was set 0.05 for all tests.

Differences in sampling

techniques (visual estimates versus actual measurements)
between years would make a comparison of sites or treatments
between years difficult to interpret, so that particular
test was not performed.
Two-way ANOVA (Sokal and Rohlf 1981) was used to test
for significant interactions between treatment and year for
the mean number of birds, the mean number of species, the
mean number of individuals of the common species (> 25
detections), and the mean number of nesting and foraging
guild members pre point.

Although the distribution of count

data is generally non-normal (heavily skewed to the right),
use of the mean of five visits and three points in each area
yielded close to normal data.

Moreover, the ANOVA procedure
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is robust for comparison of samples with similar
distributions (Sokal and Rohlf 1981).

Use of these means

also avoids problems of pseudoreplication (Hurlbert 1984),
which would prevail if each visit to each point had been
treated as the sample unit.
Lack of a significant interaction between treatment and
year indicated that neither of the two treatments (New
Forestry and overstory removal) changed in a manner
different from the uncut controls.

Conversely, if an

interaction were present, one or both treatments changed at
a rate significantly different from the controls; thus, one
or both treatments had an effect on bird numbers.

The

treatment that was significant was determined by examination
of the means.
Birds species were also placed into foraging and
nesting guilds following the classification by Diem and
Zeveloff (1980), and by Ehrlich et al. (1988) for species
that were not classified by Diem and Zeveloff.
Stepwise multiple regression was used to examine the
relationships between the vegetation variables and the
numbers of birds for each species and guild.
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RESULTS
Vegetation
The preharvest sites were similar in vegetation
structure among treatments (Table 1).

The only variables

that differed significantly among treatments were percent
canopy closure, where the control sites had 12 to 14%
greater closure; number of large trees, where controls had
0.8 more trees per point; and the snag rating, where New
Forestry sites had less than half as many snags as the other
two treatments.
Immediately following harvest of the cutting units,
most vegetation variables were significantly different among
treatments (Table 2).

The only variables that were not

significantly different in the postharvest sites were
abundance of snags, abundance of downed wood, the presence
of a marsh, and the number of small trees.
New Forestry units were generally intermediate between
the controls and the overstory removal with respect to
measured vegetative components. The exceptions were forbs
and small trees, where the overstory removal units were
intermediate, and percent grass cover, where New Forestry
was highest.

Both types of cutting units had fewer trees of

all size classes than the uncut sites, although the
difference was not significant for small trees.

Canopy

closure and height were also significantly lower than in the
uncut controls.

At least initially, both cutting methods
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Table 1.

Mean preharvest vegetation measurements by treatment.

Control
Vegetation
Component
No. trees per plot
Large^
22.2
Medium^
217.4
Small*
66.7
Canopy Height (m)
35.5
Canopy Closure (%)
53.4
High Shrub* Coverage 12.3
Low Shrub* Coverage 16.9
Grass Coverage (%)
50.1
Forb Coverage (%)
47.3
Bare Ground (%)
3.4
Edge within Point
Road
0.0
Marsh
0.3
Snag Rating
0.8
0.9
Down Wood Rating

Stand Treatment
New
Overstory
Forestry
Removal

Proba
bility'

2.5
252.0
69.2
33.3
41.6
12.2
13.3
58.1
42.8
0.8

2.5
222.4
84.0
30.0
38.9
12.2
19.1
48.1
48.1
3.8

0.002
0.488
0.744
0.432
0.001
0.998
0.333
0.100
0.448
0.053

0.4
0.2
0.3
1.0

0.4
0.1
0.8
1.0

0.043
0.406
0.005
0.528

'Probability values are from Analysis of Variance of the
difference between treatment means.
^Large trees had dbh > 40 cm.
Mediu m trees had dbh from 10 to 40 cm.
^Small trees had dbh < 10 cm.
^High shrubs were woody plants 1 to 2 meters high.
^ o w shrubs were woody plants less than 1 meter high.
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Table 2.

Mean postharvest vegetation measurements by treatment.

Control
Vegetation
Component
No. trees per hectare
Large%
42.0
476.9
Medium^
387.9
Small'*
Canopy Height (m)
30.2
Canopy Closure (%)
74.1
High Shrub^ Coverage 16.7
Low Shrub* Coverage 18.3
Grass Coverage (%)
47.5
45.8
Forb Coverage (%)
3.3
Bare Ground (%)
Edge within Point
0.1
Road
Marsh
0.5
Snag Rating
0.8
Down Wood Rating
1.3

Stand Treatment
Overstory
New
Removal
Forestry

Proba
bility"

12.4
279.2
261.9
17.9
20.0
11.7
12.1
66.7
27.3
6.1

0.0
197.7
291.6
15.8
8.5
8.7
8.8
43.8
37.9
16.7

0.029
0.011
0.607
0.000
0.000
0.026
0.007
0.004
0.002
0.002

0.7
0.4
0.8
1.5

0.6
0.3
0.9
1.3

0.034
0.595
0.735
0.530

‘Probability values are from Analysis of Variance of the
difference between treatment means.
^Large trees had dbh > 40 cm.
^Medium trees had dbh from 10 to 40 cm.
'‘small trees had dbh < 10 cm.
^High shrubs were woody plants 1 to 2 meters high.
®Low shrubs were woody plants less than 1 meter high.
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had lower shrub and bush cover.

Grass cover was highest in

the New Forestry treatments and forbs were highest in the
controls.
Birds
The mean number of species per point for the controls
was 9.5 preharvest and was 8.6 following harvest.

The mean

number of species for the New Forestry treatments were 8.8
and 7.2 , and for overstory removal were 8.9 and 6.7 for
pre- and postharvest, respectively.

The interaction between

treatment and year (nonparallel lines in Fig. 3) was
nonsignificant (p = 0.213.

The mean numbers of individuals

of all species per point for the controls were 16.1 and
13.9, for the New Forestry treatments were 15.7 and 11.4,
and for overstory removal were 15.1 and 10.0 for pre- and
postharvest, respectively.

The interaction between

treatment and year was not significant (p = 0.257).
Forty-seven species were detected in the stands prior
to timber harvest versus 50 species detected immediately
following harvest (table 3).

Fifty-seven species (Appendix

C) were detected in both years combined.

Of these 57, 22

(table 4) were common enough to perform separate ANOVAs.
Four of these (Ruby-crowned Kinglet, Swainson*s Thrush,
American Robin, and MacGillivray*s Warbler), had a
statistically significant (p < 0.05) interaction between
treatment and year (nonparallel lines in figure 4).

Of

these four. Ruby-crowned Kinglet and Swainson's Thrush
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1o

Control
New F o re stry
O v e r s to r y Removal

1

Figure 3. Mean number of species detected per point
during the year prior to and the year following timber
harvest.
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Table 3.

Presence of species by year and treatment.

Common Name
Northern Goshawk
Red-tailed Hawk
American Kestrel
Ruffed Grouse
Common Nighthawk
Rufous Hummingbird
Northern Flicker
Red-naped Sapsucker
Hairy Woodpecker
Three-toed Woodpecker
Pileated Woodpecker
Olive-sided Flycatcher
Western Wood-pewee
Dusky Flycatcher
Hammond's Flycatcher
Cordilleran Flycatcher
Steller's Jay
Gray Jay
Common Raven
Black-capped Chickadee
Mountain Chickadee
Chestnut-backed Chickadee
Boreal Chickadee
Red-breasted Nuthatch
Golden-crowned Kinglet
Ruby-crowned Kinglet
Mountain Bluebird
Townsend's Solitaire
Veery
Swainson's Thrush
Hermit Thrush
Varied Thrush
American Robin
Cedar Waxwing
Solitary Vireo
Red-eyed Vireo
Warbling Vireo
Orange-crowned Warbler
Yellow-rumped Warbler
Townsend's Warbler
MacGillivray's Warbler
Northern Waterthrush
American Redstart
Rufous-sided Towhee
Song Sparrow
Lincoln's Sparrow
Chipping Sparrow
Dark-eyed Junco
Red-winged Blackbird
Brown-headed Cowbird
Western Tanager
Pine Siskin
Red Crossbill
Pine Grosbeak
Evening Grosbeak

Preharvest
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
—
P
P
P
P
P
P
P
P

Con
P
P
—
P
P
P
P
P
P
P
P
P
P
—
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
—
P
P
P
P
P
P
P

Postharvest
OR
NF
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
—
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
—
P
P
P
P
P
P
P
P
P
P
P
P
P
-

-

-

Con = Controls, NP = New Forestry, and OR = overstory removal.
P = species was present during surveys.

Table 4. Mean number of individuals per point of the common species counted during the breeding seasons
prior to and immediately following timber harvest.

Species
Red-naped Sapsucker
Three-toed Woodpecker
Northern Flicker
Pileated Woodpecker
Dusky Flycatcher
Gray Jay
Black-capped Chickadee
Mountain Chickadee
Red-breasted Nuthatch
Ruby-crowned Kinglet
Swainson*s Thrush
American Robin
Cedar Waxwing
Solitary Vireo
Yellow-rumped Warbler
Townsend’s Warbler
MacGillivray's Warbler
Western Tanager
Chipping Sparrow
Dark-eyed Junco
Pine Siskin
Red Crossbill

Control

Preharvest
New
Forestry

Overstory
Removal

Control

Postharvest
New
Overstory
Forestry
Removal

Proba-i
bility

0.13
0.13
0.15
0.17
0.23
0.50
0.50
0.67
2.30
0.87
1.73
1.80
0.13
0.53
0.33
0.33
0.10
0.98
0.57
1.92
1.03
0.70

0.17
0.08
0.03
0.12
0.10
0.65
0.71
0.63
2.33
1.27
2.05
1.25
0.12
0.45
0.30
0.18
0.07
0.93
0.55
2.27
0.83
0.43

0.27
0.00
0.09
0.06
0.09
0.40
0.63
0.60
1.88
1.56
2.38
0.65
0.05
0.30
0.48
0.34
0.23
0.83
0.47
1.87
0.79
0.18

0.07
0.07
0.18
0.03
0.02
1.25
0.32
0.53
1.87
0.98
1.78
0.85
0.05
0.57
0.75
0.32
0.10
1.03
0.63
1.62
0.43
0.10

0.15
0.08
0.12
0.06
0.02
1.55
0.47
0.30
1.25
0.45
1.18
1.20
0.02
0.47
0.35
0.00
0.05
0.67
1.12
2.58
0.18
0.03

0.936
0.488
0.828
0.515
0.176
0.540
0.955
0.425
0.472
0.006
0.032
0.007
0.704
0.958
0.118
0.513
0.020
0.325
0.101
0.460
0.991
0.354

^Probability is for the interaction between year and treatment

0.25
0.03
0.18
0.03
0.02
0.55
0.30
0.42
0.88
0.51
1.40
1.45
0.02
0.40
0.50
0.00
0.02
0.37
0.93
2.03
0.12
0.00
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decreased in both types of harvest units (Fig. 4); American
Robin increased on overstory removal units and
MacGillivray*s Warbler decreased on overstory removal units.
Several species showed changes among treatments but
were not statistically significant.

Of these, five

(Pileated Woodpecker, Red-breasted Nuthatch, Yellow-rumped
Warbler, Townsend's Warbler, and Western Tanager) decreased
in relative abundance in both types of treatments (Table 4).
Dusky Flycatcher and Chipping Sparrow showed relative
increases in both harvest types; and Three-toed Woodpecker
showed a relative increase in overstory removal treatments.
Most correlations between species and habitat variables
were < 0.5 (table 5).

Only three exceeded 0.5: the number

of Townsend's Warblers with percent canopy closure (r=0-73);
the number of Pine Siskins with percent canopy closure
(r=0.546); and the number of Townsend's Warblers with tree
height (r=0.519).

Of these three, one (Townsend's Warbler

with height) was not retained in the multiple regression
equation due to a correlation with canopy closure.

Most

species had at least one correlation that was significant at
the 0.05 level.

Exceptions were woodpeckers (except for the

Pileated), Dusky Flycatcher, Gray Jay, both chickadees, and
the Solitary Vireo which had no significant correlation.
Several guilds showed significant changes following
timber harvest (table 6).

Foliage foragers showed

significant decreases following both harvest methods, and
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Control
New Forestry
Overstory Removal

O

Figure 4a. Mean number of Ruby-crowned Kinglets counted
per point by treatment.
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Control

0.5

New

Forestry

O vers tory Removal

O

Figure 4b. Mean number of Swainson*s Thrush counted per
point by treatment.
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Table S. Simple correlations > 0.3 or the highest for a bird species,
between number of birds and measured habitat variables.

Species

Habitat

Red-naped Sapsucker

% canopy closure

Three-toed Woodpecker

Significance
of r
-0.327

0.051

down wood

0.198

0.247

Northern Flicker

proximity of clearcut

0.108

0.531

Pileated Woodpecker

down wood

0.395

0.017

Dusky Flycatcher

number of small trees

-0.175

0.306

Gray Jay

% low shrub cover

0.291

0.085

Black-capped Chickadee

number of small trees

0.290

0.086

Mountain Chickadee

% grass cover

-0.302

0.073

Red-breasted Nuthatch

tree height
% canopy closure
% high shrub cover

0.435
0.400
0.318

0.009
0.017
0.063

Ruby-crowned Kinglet

% canopy closure
% forb cover
number of medium trees
% low shrub cover

0.439
0.338
0.325
0.325

0.007
0.044
0.053
0.666

Swainson's Thrush

% forb cover
% grass cover
tree height

0.476
-0.395
0.376

0.003
0.017
0.024

American Robin

tree height

-0.392

0.018

Cedar Waxwing

% high shrub cover
tree height

0.388
0.307

0.019
0.068

Solitary Vireo

% canopy closure

0.264

0.120

Yellow-rumped Warbler

% forb cover
% canopy closure

0.343
0.316

0.040
0.061

Townsend’s Warbler

% canopy closure
tree height
number of medium trees
% low shrub cover
number of large trees
% high shrub cover

0.732
0. 519
0.470
0.448
0.400
0.374

0.000
0.001
0.003
0.006
0.016
0.025

MacGillivray's Warbler

tree height
number large trees
% high shrub cover
% low shrub cover
% canopy closure

0.441
0.441
0.419
0.397
0.333

0.007
0.007
0.011
0.016
0.047
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Table 5 (cont.)
Species

Habitat

Western Tanager

% canopy closure
% low shrub cover
tree height
% forb cover
number of large trees

Chipping Sparrow

r

Significance
of r

0.490
0.469
0.447
0.347
0.343

0.002
0.004
0.006
0.038
0.041

% canopy closure
number of medium trees
number of small trees

-0.399
-0.382
-0.351

0.016
0.022
0.036

Dark-eyed Junco

% canopy closure
% forb cover

-0.406
0.374

0.013
0.025

Pine Siskin

% canopy closure
tree height

0.546
0.457

0.000
0.005

Red Crossbill

tree height
number of small trees
% canopy closure

0.418
-0.313
0.311

0.011
0.063
0.064

Multiple regression retained only the first habitat variable for
each species.

Table 6. Mean number of birds counted per point in each foraging and nesting guild,

Control

Preharvest
New
Forestry

Overstory
Removal

Foraging
Foliage Forager
Tree Gleaners
Ground Feeders
Aerial Feeders
Tree Drillers

7.1
3.5
3.3
0.6
0.5

7.0
3.7
3.5
0.4
0.4

7.8
3.1
2.8
0.3
0.4

Nesting Guilds
Conifer Tree
Tree Nesters
Shrub Nesters
Primary Cavity
Secondary Cavity
Ground Nesters

3.4
4.1
1.4
0.7
3.5
2.0

3.4
4.0

3.8
4.0
1.0
0.4
3.1
2.3

1.2

0.4
3.7
2.3

“Probability is for treatment by year interaction

Control

7.1
2.8
2.9
0.3
0.2

4.0
3.4
1.2

0.4
2.8
1.7

Postharvest
New
Forestry

3.9
2.2

4.5
0.1
0.4

2.0
2.1
1.7
0.5
2.2

2.6

Overstory
Removal

3.7
1.5
3.9
0.3
0.3

1.6
2.3
1.5
0.5
1.8
2.1

Proba-*
bility

0.01
0.35
0.02
0.28
0.26

0.02
0.29
0.02
0.26
0.44
0.41
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ground foragers increased in both types of harvest units.
Conifer nesters decreased significantly in both treatments
while shrub nesters increased in both areas. Tree nesters
showed a nonsignificant decline following both types of
harvest (table 6).
Most guild— habitat regressions had at least one
significant correlation (Table 7).

Two regression

coefficients were > 0.6: the relationship between foliage
foragers and percent canopy closure (r=0.771), and the
correlation between the abundance of conifer nesters and
percent canopy closure (r=0.697).

One multiple regression

equation retained two variables; shrub nesters with number
of small trees and percent canopy closure (R=0.515).

All

guilds had a significant correlation with at least one
variable except aerial feeders and primary cavity nesters.
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Table 7. Simple correlations > 0.3 or the highest for a guild, between
number of guild members and measured habitat variables.
Guild

Habitat

Foraging Guilds
Foliage Forager

r

Significance
of r

% canopy closure
tree height
% low shrub cover
number of large trees
number of medium trees
% high shrub cover

0.771*
0.622
0.598
0.478
0.391
0.357

0.000
0.000
0.000
0.003
0.018
0.032

Tree Gleaners

% forb cover
% canopy closure
tree height
road presence
proximity of clearcut

0.412*
0.387
0.353
—0.326
-0.325

0.012
0.019
0.034
0.052
0.053

Ground feeders

% canopy closure
tree height
down wood

-0.493*
-0.493
0.303

0.002
0.024
0.072

Aerial feeders

% grass cover

-0.308*

0.068

Tree Drillers

down wood

0.381*

0.022

Nesting Guilds
Conifer Nesters

% canopy closure
% low shrub cover
tree height
number of large trees
% forb cover
number of medium trees

0.697*
0.547
0.508
0.473
0,436
0.412

0.000
0.000
0.001
0.003
0.008
0.013

Tree nesters

% canopy closure
0.597*
% forb cover
0.571
tree height
0.537
% low shrub cover
0.418
% grass cover
-0.372
% high shrub cover
0.343
number of medium trees 0.305

0.000
0.000
0.001
0.011
0.025
0.040
0.070

Shrub nesters

number of small trees -0.405*
% canopy closure
-0.372*
number of medium trees -0.333

0.014
0.006
0.047

Primary Cavity

proximity to clearcut

0,185

0.281

Secondary Cavity

% forb cover
% canopy closure
tree height
proximity of clearcut

0.386*
0.321
0.326
—0.316

0,020
0.056
0.052
0.060

Ground nesters

% canopy closure

-0.402*

0.015

% forb cover

—0.327

^Variables retained in multiple regression equation.

0.052
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DISCUSSION

The lack of a significant difference in the number of
species present among cut and uncut treatments is consistent
with the findings of other studies (Wetmore et al. 1985,
Tobalske 1991).

The mean number of species detected per

point, although not significantly different following
harvest, did show a greater decline in the overstory removal
than in the New Forestry treatments which, in turn, was
greater than in the controls.

Given the timing of

postharvest counts (immediately following timber harvest)
this difference in the rate of species dropping out suggests
a trend that may well become significant in following years.
The lack of significant changes for some species may be an
effect of lag time following logging rather than a lack of
treatment effects.

This was compounded by the logging not

being completed until many species were already nesting and,
therefore, less likely to leave a site.

An additional lag

time phenomenon may be related to site tenacity by breeding
individuals, which has been shown in a variety of species
(Atwood and Massey 1988, Munts and Powers 1991, Tobalske
1991).

Under this scenario, individuals return to sites

where they were previously successful but where altered
conditions now reduce productivity; changes in distribution
may not be apparent within the life spans of individual
birds.

Thus, examination of shifts by individual species

and long term monitoring of these sites will be required to
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distinguish between a lag time effect and a lack of
treatment effect.
Woodpeckers generally had low count numbers and none
showed a significant interaction between year and treatment.
As a guild (primary cavity nesters), woodpeckers showed only
slight differences in count numbers before harvest and no
difference between treatments after harvest. This is the
same pattern found by Tobalske (1991) and Dickson et al.
(1983) and may result from retention of snags and downed
wood as suitable nesting and foraging habitat.

This

interpretation is strengthened by the presence of only one
habitat variable being correlated with tree-drilling
foragers —

downed wood (r=0.38, P=0.02).

Alternatively,

species such as Pileated Woodpeckers may be showing lag time
due to site fidelity (Bull 1987).

Finally, the results may

simply be an artifact of the high variability inherent with
low counts which was typical of woodpeckers in this study.
Species that nest primarily in conifer trees showed
significant declines in both treatments following timber
harvest.

Similar patterns were found in a comparison of

partial cuts and clearcuts in Western Larch/Douglas-fir
forest by Tobalske (1991) and in Ponderosa Pine forest by
Szaro and Baida (1979).

New Forestry retained slightly

higher numbers than did overstory removal, and conifer
nesters were highly correlated with the percent canopy
closure.

Thus, the loss of birds appears to be related to
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the number of conifers remaining following harvest.
Conifer or broadleaf tree nesters showed less
difference than conifer nesters in numbers of birds between
the logging methods, but otherwise showed similar patterns
in both numbers of birds and habitat correlations.

However,

differences between treatments were not significant for this
guild suggesting that they are less sensitive, and that
retention of broadleaf trees and their potential as nest
sites in the overstory removal treatment may partially
mitigate some effects of conifer removal.
Some species of tree nesters showed severe declines
following harvest.

For example, the Townsend's Warbler, a

conifer nester, entirely dropped out of the community in
logged areas.

The severe declines in this species

corresponds with Hutto et al.'s (1992) synthesis of all
available Rocky Mountain studies as well as Hejl (personal
communication) and Hoffland's (unpublished manuscript)
findings in selectively cut Ponderosa Pine forest.

Declines

following harvest, in conjunction with a high correlation
with the percent canopy closure and tree height suggest that
Townsend's Warblers are particularly sensitive to even New
Forestry levels of timber harvest.
Another conifer nester that showed significant declines
following harvest was the Ruby-crowned Kinglet.

This

species went from higher numbers in the treatment areas
before harvest to numbers that were about half of those
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counted in the controls. Kinglets were at similar levels in
both types of cutting units, and the correlation between
kinglet abundance and percent canopy closure was
significant.

This suggests that kinglets, like Townsend's

Warblers, are particularly sensitive to the removal of
conifers and may be unable tolerate the observed levels of
removal, even in New Forestry units.
Swainson*s Thrush, a tree nester, also showed declines
following logging.

These thrushes exhibited only slightly

larger declines in the overstory removal than in the New
Forestry sites.

Like Ruby-crowned Kinglets these thrushes

are foliage gleaning insectivores and they exhibit similar
nearly parallel significant declines in both types of
harvest units (Figure 4).

Swainson*s Thrush may also nest

in tall shrubs, and some studies (Peterson 1982) show that
their numbers may begin to rebound during the brushy period
of the stand reinitiation stage [see Oliver and Larson
(1990)] following timber harvest.

Further study of these

sites will determine how these thrushes recover in the two
types of harvest units.
Shrub nesters showed an increase in numbers following
both types of harvest.

Thus, these species increased with

Ithe loss of nesting habitat, which is contrary to intuitive
predictions.

My interpretation of the increase is that most

of these shrub nesters are also ground foraging insectivores
and may have been responding to increased prey vulnerability

34

due to the ongoing disturbance of the stands.

Two species

(American Robin and MacGillivray*s Warbler) showed a
significant interaction between treatment and year.

The

first of these and the most numerous was also a ground
foraging insectivore.

The number of American Robins

increased following both harvest methods, but increases were
greater in the overstory removal.

Robins showed a slight

negative correlation with tree height (Table 5) which is
indicative of active foraging by robins in disturbed areas
and their ability to exploit highly modified and fragmented
habitats (Keller and Anderson 1992).
MacGillivray*s Warbler, which is a foliage foraging
insectivore, showed significant declines in the overstory
removal treatments and slight or no change in the New
Forestry and control units.

The number of warblers was most

significantly correlated with tree height, which was lowest
in the postharvest overstory removal at about half of that
recorded in the controls.

Warblers were also associated

with high shrub cover, which in the overstory removal was
slightly above half of the levels in the controls.

Other

studies indicate that the number of MacGillivray*s Warblers
may be associated with the shrubby habitat used for nesting
and foraging (Hutto 1981) rather than tree height, and that
they may return to a site following brush up of the cut
units in even higher densities than occurred before logging
(Raphael et al. 1988).
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Numbers of ground nesters showed little change
following either type of harvest.

The only significant

correlation with a habitat variable was a negative
association with percent canopy closure.

This negative

association with canopy suggests that populations of ground
nesters may exhibit a delayed increase following harvest, as
was observed by Tobalske (1991).
Foliage foragers were highly correlated with canopy
closure and high shrub cover; and they showed significant
and similar declines following both harvest methods.

The

decline in population for members of this guild suggests
that the decline in foliage, represented by canopy and shrub
cover following harvest, may be too severe even in New
Forestry treatments to maintain preharvest populations.
The number of ground foragers was negatively correlated
with percent canopy closure, which was lowest in the cut
sites. Numbers within this guild increased significantly
and in nearly identical amounts in both types of cutting
units.

Similar increases were found by Tobalske et al.

(1991) in a clearcut and Medin (1985) in a selective cut,
suggesting that the increase is not a result of a temporary
increase in food availability caused by exposure and
disturbance from the recent logging activity.

Rather, the

increase is likely a result of the opening up of or
improvement of foraging habitat.

Continued study of these

stands should reveal that changes in abundance were due to
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the treatments, rather than an artifact of disturbance per
se.
Aerial feeders such as flycatchers were uncommon in the
stands prior to harvest and changed very little following
harvest. Medin (1985) observed increasing populations of
aerial feeders each of four years following a partial cut.
Similarly, Tobalske (1991) found numbers to be highest in
clearcut, intermediate in partial cut, and low in uncut
areas.

I therefore, predict that members of this guild will

increase in number over several years following harvest of
these sites.
Tree gleaners (nuthatches and chickadees) showed a
nonsignificant decline following both methods of harvest.
Both Medin (1985) and Tobalske (1991) showed significant
declines following both partial and clearcut harvests.
Furthermore, Hutto et al. (1992) found in their synthesis of
Rocky Mountain studies that these species always declined
following clear cuts and usually declined following partial
cuts.

The results of other studies suggest that the lack of

significance is probably a result of lag time following the
disturbance and that these species may decline in following
years.

The most numerous tree gleaner, the Red-breasted

Nuthatch, was nesting on at least two study areas when
logging was taking place; fidelity to these active nests may
have delayed an expected decline.
Red-breasted Nuthatches were found to decline in seven
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of ten studies of partial cuts (Hutto et al. 1992).

Adams

and Morrison (1993) found that Red-breasted Nuthatches
preferred foraging in mature conifer stands with a highly
varied structure including both mature trees and pines of
r small diameter.

I also found nuthatch numbers to be

I strongly correlated with tree height.

All of this leads to

the prediction that the numbers of Red-breasted Nuthatches
will decline in New Forestry as well as in overstory
removal.

Further observations are necessary to determine

what will happen on these sites.
Some species showed no significant changes by
treatment, but declines in all areas.

Nomadic species such

as Pine Siskin and Red Crossbill whose abundance may be
locally erratic fall into this category.

These species

depend on periodically abundant food sources and will shift
the areas they use accordingly (Benkman 1993).

If 1993 was

a low seed production year locally, the observed declines
may have resulted from these changes rather than from timber
harvest. However, regardless of seed production that year,
these species are expected to decline until regrowth matures
and begins to produce seed.

The potential to produce

conifer seeds has been reduced on the treated sites and
these two species presumably will not return to their
previous numbers until the seed production returns to higher
levels on these sites.

Older trees produce more seed

(Fowells 1965) and more often (Shearer 1986).

Therefore,
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these two finches should return sooner to the New Forestry
units where more mature trees were retained than to the
overstory removal sites.
Populations of many species showed no significant
change (Table 4) ; which may or may not be due to the lack of
a significant treatment effect.

The previously discussed

lag time may be a factor as well as some species low numbers
and the high variance typically associated with small sample
sizes.

Additionally, some species disappeared from or

appeared in stands following treatment.

None of these

species met the minimal sample size for analysis, but some
may be of special biological significance.

For example.

Brown-headed Cowbirds were only observed in the postharvest
treatments.

Brood parasitism by this species, if it

increases to high levels due to the habitat modifications,
could cause a substantial decline in the productivity of
other species that would otherwise persist in the stands.
If this occurs and either of the cutting treatments becomes
an ecological sink, the number of individuals of host
species could become a misleading indication of the
suitability of these areas for long term population
maintenance (Van Horne 1983).

Increases in both avian and

mammalian predator populations could also act to produce an
ecological sink similar to brood parasitism.

Only study of

nest success will reveal whether these sites are a sink that
will affect long term viability of the host community.
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Another species that was recorded only on harvested
sites postharvest was the Mountain Bluebird.
forage in open areas but nest in cavities.

Bluebirds
They, therefore,

did not have access to preferred foraging sites in the
preharvest stands and, given the timing of harvest, did not
have sufficient opportunity the first year to invade the
postharvest sites.

If this were the case, then lag time is

an important consideration and further study of these sites
will be necessary to determine which of these new species
will become important components of the postharvest
community.
For those species that showed significant changes
between treatments, most had numbers in the New Forestry
units that were intermediate between the control and
overstory removal.

This suggests that for at least some

species and guilds. New Forestry partially mitigates the
immediate effects of timber harvest.

Some species, such as

Townsend's Warbler, are especially sensitive to the effects
of tree removal and may be unable to tolerate even the
lighter levels of tree removal in New Forestry.

However, I

predict that such species will return sooner to New Forestry
sites due to a more complex structure following harvest and
a quicker return to a mature structure in the stand.
This project like most studies deal only with short
term effects of timber management on wildlife species.
However, short term effects may or may not be representative
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of long term influences on processes in an ecosystem (Hutto
et al. 1992).

Hutto et al. (1992) also suggest that in some

situations management practices that have significant short
term effects may be useful for maintaining all wildlife
species and processes, particularly in areas with frequent
and widespread disturbance regimes.

These issues, combined

with the difficulties in determining the effects of lag time
and actual long or even short term effects on avian
communities following the treatments, only emphasize the
need for continued and long term study of these sites as
well as other studies in this and other forest types.

41

LITERATURE CITED
Adams, E. M., and M. L. Morrison. 1993. Effects of forest
stand structure and composition on red-breasted
nuthatches and brown creepers. Journal of Wildlife
Management 57:616-629.
Ambuel, B., and S. A. Temple. 1983. Area-dependent changes
in the bird communities and vegetation of southern
Wisconsin forests. Ecology 64:1057-1068.
Askins, R. A., M. J. Philbrick, and D. S. Sugeno. 1987.
Effect of changes in regional abundance of forest on
the decline and recovery of forest bird community.
Wilson Bulletin 99:7-21.
Atwood, J. L., B. W. Massey. 1988. Site fidelity of least
terns in California. Condor. 90:389-394.
Austin, D. D. , and M. L. Perry. 1979. Birds in six
communities within a lodgepole pine forest. Journal of
Forestry 77:584- 586.
Bates, S. 1992. The Changing policy environment in the west.
In: E. T. Bartlett and J. R. Jones, eds. Rocky mountain
new perspectives proceedings of a regional workshop.
USDA For. Ser. Gen. Tech. Rep. RM-220, 24-28.
Benkman, C. W. 1993. Logging, conifers, and the conservation
of red crossbills. Conservation Biology 7:473-479.
Bohning-Gaese, K., M. L. Taper, and J. H. Brown. 1993. Are
declines in North American insectivorous songbirds due
to causes on the breeding range? Conservation Biology
7:76-86.
Brooks, D. J., G. E. Grant. 1992. New Perspectives in forest
management: background, science issues, and research
agenda. USDA For. Ser. Res. Pap. PNW-456, 17pp.
Bull, E. L. 1987. Ecology of the pileated woodpecker in
northeastern Oregon. Journal of Wildlife Management
51:472-481.
Dickson, J. G., R. N. Conner, J. H. Williamson. 1983. Snag
retention increases bird use of a clearcut. Journal of
Wildlife Management 47:799-804.

42

Diem, K. L., and S. I. Zeveloff. 1980. Ponderosa pine bird
communities. In: Degraff, R. M., tech. coord.
Proceedings of the workshop on management of western
forests and grasslands for nongame birds; 1980 February
11-14; Salt Lake City, UT. USDA For. Ser. Gen. Tech.
Rep. INT-86, 170-197.
Ehrlich, P. R., D. S. Dobkin, and D. Wheye. 1988. The
birder's handbook. New York: Simon and Schuster Inc.
785 p.
Fowells, H. A. 1965. Silvics of forest trees of the United
States. USDA For. Ser. Handbook 271.
Franzreb, K. E. , and R. D. Ohmart. 1978. The effects of
timber harvesting on breeding birds in a mixedconiferous forest. Condor 80:431-441.
Gillis, A. M. 1990. The new forestry. BioScience 40:558-562.
Hansen, A. J., T. A. Spies, F. J. Swanson, and J. L. Ohmann.
1991. Conserving biodiversity in managed forests.
BioScience 41:382-392.
Hejl, S. J., R. L. Hutto, C. R. Preston, and D. M. Finch.
1994. The effects of silvicultural treatments on forest
birds in the rocky mountains. In: T. Martin and D. M.
Finch eds. Population ecology and conservation of
neotropical migrant birds. New York: Oxford Univ.
Press, In Press.
Hurlbert, S. H. 1984. Pseudoreplication and the design of
ecological field experiments. Ecological Monographs
54:187-211.
Hutto, R. L. 1981. Seasonal variation in the foraging
behavior of some migratory western wood warblers. Auk
98:765-777.
Hutto, R. L. 1989. The effect of habitat alteration on
migratory land birds in a west mexican tropical
deciduous forest: a conservation perspective.
Conservation Biology 3:138-148.
Hutto, R. L., S. J. Hejl, C. R. Preston, and D. M. Finch.
1992. Effects of sylvicultural treatments on forest
birds in the rocky mountains: implications and
management recommendations. In: D. M. Finch and P. W.
Stangel eds. Status and management of neotropical
migratory birds. USDA For. Serv. Gen. Tech. Rep. RM229, 286-391.

43

Hutto, R. L., S. M, Pletschet, and P. Hendricks. 1986. A
Fixed-radius point count method for nonbreeding and
breeding season use. Auk 103:593-602.
James, F. C. and H. H. Shugart Jr. 1970. A quantitative
method of habitat description. Audubon Field Notes
24:727-736.
Keller, M. E. and S. H. Anderson. 1992. Avian use of habitat
configurations created by forest cutting in
southeastern Wyoming. Condor 94:55-65.
Kellert, S. R. 1983. Affective, cognitive, and evaluative
perceptions of animals. In: I. Altman and J.F. Wolhill,
eds. Behavior and the natural environment 6:241-246.
Kessler, W. B., H. Salwasser, C. W. Cartwright, and J. A.
Caplan. 1992. New perspectives for sustainable natural
resources management. Ecological Applications 2:221225.
Medin, D. E. 1985. Breeding bird responses to diameter-cut
logging in west-central Idaho. USDA For. Serv. Res.
Pap. lNT-355, 12 pp.
Medin, D. E. and G. D. Booth. 1989. Responses of birds and
small mammals to single-tree selection logging in
Idaho. USDA For. Ser. Res. Pap. lNT-408, 11 pp.
Morton, E. S., and R. Greenberg. 1989. The outlook for
migratory songbirds : "future shock" for birders.
American Birds 43 :178-183.
Munts, M. A. and L. R. Powers. 1991. Observations on the
occurrence and nesting of the great gray owl (Strix
nebulosa Forster) in Valley County, Idaho. J. Idaho
Academy of Science 27:37-44.
Oliver, C. D. and B. C. Larson. 1990. Forest stand dynamics.
New York: McGraw-Hill. 467 p.
Peet, R. K. 1988. Forests of the rocky mountains. In: M. G.
Barbour and W. D. Billings, eds. North American
terrestrial vegetation. Cambridge: Cambridge University
Press.
Peterson, S. R. 1982. A preliminary study of forest bird
communities in northern Idaho. Northwest Science
56:287-298.

44

Raphael, M. G., K. V. Rosenberg, and B. G. Marcot. 1988.
Large-scale changes in bird populations of Douglas-fir
forests, northwestern California. Bird Conservation
3:63-83.
Rappole, J. H., E. S. Morton, T. E. Lovejoy, and J. L. Ruos.
1983. Neartic avian migrants in the neotropics. USDI
Fish and Wildlife Service, Washington D.C., USA.
Scott, V. E., G. J. Gottfried. 1983. Bird responses to
timber harvest in a mixed conifer forest in Arizona.
USDA For. Serv. Res. Pap. RM-245.
Shearer, R. C. 1986. Cone production on Douglas-fir and
western larch in Montana. In: R. C. Shearer ed.
Proceedings— conifer tree seed in the inland mountain
west symposium. USDA For. Ser. Gen Tech. Rep. INT-2 03,
63-67.
Sokal, R. R., and F. J. Rohlf. 1981. Biometry. New York:
W.H. Freeman and Company. 859 p.
Swanson, F. J., and J. F. Franklin. 1992. New forestry
principles from ecosystem analysis of pacific northwest
forests. Ecological Applications 2:262-274.
Szaro, R. C., R. P. Baida. 1979. Effects of harvesting
ponderosa pine on nongame bird populations. USDA For.
Serv. Res. Pap. RM-212, 8pp.
Szaro, R. C., R. P. Baida. 1985. Relationships among
weather, habitat structure, and ponderosa pine forest
birds. Journal of Wildlife Management 50:253-260.
Tobalske, B. W. 1991. Bird populations, logging, and rednaped sapsucker habitat suitability based on fledging
success. M.S. Thesis, Univ. Montana, Missoula.
Tobalske, B. W., R. C. Shearer, and R. L. Hutto. 1991. Bird
populations in logged and unlogged western
larch/Douglas-fir forest in northwestern Montana. USDA
For. Serv. Res. Pap. INT-442, 12pp.
Van Horne, B. 1983. Density as a misleading indicator of
habitat quality. Journal of Wildlife Management 47:893901.
Wetmore, s. P.,R. A. Keller, and G. E. J. Smith. 1985.
Effects of logging on bird populations in British
Columbia as determined by a modified point-count
method. Canadian Field Naturalist 99:224-233.

45

Zarnowitz, J. E. , D. A. Manuwal, 1985. The effects o
management on cavity-nesting birds in northwes
Washington. J. Wildlife Management 49:255-263.

46

Appendix a. Form used for collection of habitat data.

L A T IT U D E _
LONGITUDE
ELEVATION
SLOPE
ASPECT
NO. TREES WITHIN 11.3m
SMALL (<10cm)____
MEDIUM (10-40cm)____
LARGE (>40cm)____
CANOPY HEIGHT
CANOPY COVERAGE
SPP
SHRUB COVERAGE
SPP
BUSH COVERAGE
SPP
GRASS____
HERBS/FORBS
DIRT
ROAD WITHIN 100m? (0,1)____
EDGE <100m? (0,1)
TYPE?
RIPARIAN WITHIN 100m? (0,1 )_
BOG WITHIN 100M? (0,1)____
SNAG ABUNDANCE (0,1,2)____
DOWNED WOOD (0,1,2)____
ROCK OUTCROP (0,1)____
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A p p e n d i x B. F orm u sed for point counts of bird c o m m u n i t i e s .

DATE___________TIME
FLYOVERS:

OBS

QUAD.TRANS.STOP.
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Appendix C. Common names, scientific names, and guild placement of bird
species detected in this study.

Common Name

Scientific Name

Northern Goshawk
Red-tailed Hawk
American Kestrel
Ruffed Grouse
Common Nighthawk
V a u x 's Swift
Rufous Hummingbird
Northern Flicker
Red-naped Sapsucker
Hairy Woodpecker
Three-toed Woodpecker
Pileated Woodpecker
Olive-sided Flycatcher
Western Wood-pewee
Dusky Flycatcher
Hammond *s Flycatcher
Cordilleran Flycatcher
Violet-green Swallow
Steller's Jay
Gray Jay
Common Raven
Black-capped Chickadee
Mountain Chickadee
Chestnut-backed Chickadee
Boreal Chickadee
Red-breasted Nuthatch
Golden-crowned Kinglet
Ruby-crowned Kinglet
Mountain Bluebird
Townsend's Solitaire
Veer y
Swainson's Thrush
Hermit Thrush
Varied Thrush
American Robin
Cedar Waxwing
Solitary Vireo
Red-eyed Vireo
Warbling Vireo
Orange-crowned Warbler
Yellow-rumped Warbler
Townsend’s Warbler
MacGillivray's Warbler
Northern Waterthrush
American Redstart
Rufous-sided Towhee
Song Sparrow
Lincoln’s Sparrow
Chipping Sparrow
Dark-eyed Junco
Red-winged Blackbird
Brown-headed Cowbird
Western Tanager

GF
Accioiter aentilis
Buteo iamaicensis
GF
Falco soarverius
GF
Bonasa umbellus
GF
AR
Chordeiles minor
AR
Chaetura vauxi
SelasDhorus rufus
FF
GF
Colantes auratus
Sohvraoicus nuchalis
TD
TD
Picoides villosus
Picoides tridactvkus
TD
Drvocopus oileatus
TD
Contenus borealis
AR
Contenus sordidulus
AR
Emnidonax oberholseri
AR
Emnidonax hammondii
AR
Emnidonax occidentalis AR
Tachvcineta thalassina AR
Cvanocitta stelleri
FF
Perisoreus canadensis
FF
GF
Corvus corax
Parus atricanillus
TG
Parus qambeli
TG
Parus rufescens
TG
Parus hudsonicus
TG
Sitta canadensis
TG
FF
Reaulus satrana
Reoulus calendula
FF
Sialia currucoides
GF
Mvadestes townsendii
FF
Catharus fuscescens
FF
Catharus ustulatus
FF
Catharus auttatus
FF
Ixoreus naevius
GF
Turdus miaratorius
GF
Bombvcilla cedrorum
AR
Vireo solitarius
FF
Vireo olivaceus
FF
Vireo ailvus
FF
FF
Vermivora celata
FF
Dendroica coronata
Dendroica townsendi
FF
FF
Onorornis tolmiei
Seiurus noveboracensis GF
AR
Setonhaaa ruticilla
Pinilo ervthronhthalmu s GF
FF
Melosniza melodia
FF
Melosniza lincolnii
GF
Snizella passerina
GF
Junco hvemalis
GF
Aaelaius nhoeniceus
GF
Molothrus ater
FF
Piranaa ludoviciana

Foraging
Guild

Nesting
Guild
CB
CB
SC
GR
GR
SC
BT
CB
PC
PC
PC
PC
CB
CB
CB
CB
CB
SC
CT
CT
CB
SC
SC
SC
SC
SC
CT
CT
SC
GR
GR
CB
GR
BT
BT
CB
CB
CB
CB
GR
CT
CT
BT
GR
BT
GR
BT
GR
BT
GR
BT
CB
CT
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(Appendix C cont.)
Common Name

Scientific Name

Pine Siskin
Red Crossbill
Pine Grosbeak
Evening Grosbeak

Carduelis pinus
Loxia curvirostra
Pinicola enucleator
Coccothraustes
vespertinus

Foraging
Guild
FF
FF
FF
FF

Nesting
Guild
CB
CT
CB
CB

Foraging Guilds: GF=ground feeders, AR=aerial feeders, FF=foliage
foragers, TD=tree drillers, TG=tree gleaners.
Nesting Guilds: GR=ground nesters, BT=bush or small tree nesters,
PC=primary cavity, SC=secondary cavity, CB=conifer or broadleaf
tree, CT=conifer tree.

